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INVESTIGATION  OF  THE  STRUCTURE; AMLi5K§i^2™iM£Mi 
""PROPERTIES™)? 'ALLOYS   OF  MOLYBDENUM IvISIlJdlDE 

NIC cTOTyT. VAMADIUM AND NIOBIUM 

t X* B. n B13t X 0 n ö i ;ic.L.e 
,! Is sie do van lye LFo.i.iovrj.ng is 

stroyerlya 1 fIziko-mekhanlcheskikh svoystv splavov tiis- 
ilitsida'molibciena s rrikelem, kobaltam. var-adiyem i 
niobiyem!! by Ye. M. Savltskiy and V.V. Baron in Doklady 
Institut a Metallurgil imenl A.A. Baykoya (Works of the 

Institute oF"Mell:alursy" imenlT A,A TBaykova), Mo 5, Produc 
tion Metallurgy, Physical Metallurgy, and Physicochemicai 
Methods of Research. Moscow, I960, pages 156-161.j 

Investigations of the phase diagrams of the alloys of cer~ 
metals with silicon (1--A) 

'ormed in the systems are likewise 
tain refrac 
sillcides 
and many of them, unlike the metals forming them, possess 

V.<V' reir. rr'J 

■•v hemicax assistance to oxidation at high temperatures 
is molybdenum dicilicide MOSIQ. 

One 

It is pointed out In the literature (5.. L /1 ei L  •_■ i com- 
pound,, which melts at 2030°, does not oxidize at iopcr and 
has great strength at high temperatures even in lengthy tests 
Xil *   -f' TOO- 

kg/ 
at 93° the strength 

mm. Ito electric v - S X W  C O. - i \' O        J- O        U X. oae  to "that  of 
such materials as carbon steel, which evidences the metal- 

of this compound (?) -  However, because of the 
of the alloys composed of molybdenum >"• "i C r'i 

UX OiiiSiU.■<■ especially at room temperature,, its use as a 
heat-resisting material Is difficult 

In recent years a number of papers have appeared in print 
on the manufacture of metal ceramics consisting of a mixture 

moiy bdenum dicilicide with various■metallic additions 
(Pt, Ml, Co, Tl, Zn,   Hi" and others) introduced for the pur- 
pose of increasing plasticity (8-11). j 

jji.s a result, metal-ceramic materials have been obtained 
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fwith good strength at high temperatures and with a certain 
plasticity, but possessing low heat resistance. 

There are almost no data on the structure and properties 
of cast alloys consisting of a mixture of molybdenum diol- 
licide with other elements« which is apparently due to the 
difficulties of obtaining such samples (refractoriness, 
oxidability of the component elements of the alloys3   great . - 
Jiardness, brittlen.ess,, etc.). 

The present work is devoted to a study of the properties 
and structure of alloys of molybdenum dicilicide with nickel, 
cobalt, vanadium and niobium.  For tnis purpose -we prepared 
alloys of the quasibinary sections MoSip-Ni., MoSi2~Co. 
MoSi-p-V, and MoSip-Nb.  The alloys were*" pre pared in three 
ways! inciting in "an arc furnace in an argon or helium 
atmosphere with an infusible tungsten electrode; melting in 
a high-frequency vacuum furnace: and production of alloys 
by remeltirg the molybdenum dicilicide prepared in the arc 
furnace in an open high-frequency circuit -with argon blast 
and subsequent introduction of the above-mentioned metals 
into the alloys. The composition of the cast alloys by 
charge and chemical analysis is given In table 1. 

Tie 8llnys with niobium and vanadium were prepared in 
thp'Vrc furnace.  The alloys with nickel,and cobalt were at^ 

>-j.v.s^ netted in the high-frequency vacuum furnace and poured 
l'4-r/n copper mold, but because of the difficulty of ob'cam-, 
Jn^non-porous Irish-grade Ingots in this manner, owing to tne 
Y'cYi  meltincr point, this method of pouring was repiacea bv 
another ancfthe samples consisting of Mo and Si with Ni^or 
Cn Vjere orepared in an open circuit with argon blast.  The  ^ 
^jj:*rht material was molybdenum dicilicide, previously meitea 
in an'-arc furnace, to which nickel or cobalt wan then aadea. 

\iP  used metals of the following purity:  molybdenum 99-95^ 
MT icon 99.8£.. nickel 99-9^> cobalt 99 ö#, vanadium 9d.o>^ 
>-rlnb""nm Q9 ^f-.     Samoles were made of the alloys for measuring 
fhe'bardnesn, tensile strength and plasticity and for inyes- 
t^p-at'in^ the microstruciure, as well as for determining cne 
melting "point of the alloys by the drop method. 

The strength and elasticity of the brittle and very hard 
samples were'determined under uniaxtai compression ana, m 
the'case of alloys amenable to cutting, their properties 
under stretching were also determined. ■ 

Study of the microstructure of the alloys with vanadium 
and niobium cast and roasted in a vacuum at 1200 for Ö nours 
showed that all of them are two-phasea.  The alloys contain- 



Table 1 
~] 

(ij COCTBB no niBxre, sec. % 7^}GQGTiin no xau. SHanBay, Bee. % 

Mo   i     Sä 

56,15 
50,5 

38   ' 

25,5 
25 
22 
20,9 
20,2 
19 
13 
6t5 

58,5 
50,5 
44 
38 

25,5 
JO 
13 
6,5 

56,5 
50,5 
44 
38 

Ni Co 
i 

Nb MO 

33,5 10 ,,„ M „ 

29,5 20 — — — 

26 30 — — — 

22 40 — __ — 

18,5 50 — — — 

14,5 60 — — — 

14 M — — _. 

13 65 — — — 

.12,1 6? — — — 

11,8 68 — __ — 

11 70 — _ — 

7 80 .— — — 

3,5 90 ■— _. — 

33,5 10 — —• — 
«Ml K 20 — _ . — 

iS-O — 30 — 

22 — 40 — — 

18,5 — 50 — — 

14,5 — 60 — — 

11,0 __ 70 .— — 

7,0 — 80 __ _ 

3,5 — 90 _ —, 

33,5 _ — 10 _ 

29,5 __ — 20 — 

26 __. — 30 — 

22 — — 40 ™. 

3J 
OcTaJffc- 

Hoe 

Si 

33,8 
29,02 
23 
16 
15,1 
12 i 

8 8 
13 21 
11 94 
12 1 
10 8 
7 38 
3 37 

31 74 
27 7 
24 6 
22 4 
18 59 
14 98 
10 96 
7 06 
3 56 
32 0 
28 5 
27 5 
22 5 

Ni Co Mb 

10,3 
19,1 
28,75 
36,35 
51,04 
57,66 
61,28 
64,99 
66,56 
66,1 
64,49 
80,12 
90,63 

10 
20 
39 
40 
49 
59 
69 
80 

02 
4 
9 
1 
78 
9 
4 
04 
59 

10,46 
20,38 
30,8 
39,34 

v 

Legend to Table It 1) Composition by charge, # by weight; 2} Com- 
position by chemical analysis, $ by weight; 
and 3) Residual» 

[Table 1 continued on following page.] 
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Table 1 (Continued) 

31,5 18,5 
*(*0 j 0 14,5 
19 a 
is 7,0 
6,5 3,5 

56,5 33,5 
50,5 29,5 
44,0 26 
38 22 
31,5 18,5 
25,5 14,5 
19 11,0 
13 7,0 
6,5 3,5 

50 
60 
70 
80 
00 

ta 

10 
20 
30 
40 
50 
60 
70 
80 
90 

18,2 
14,7 
9,0 
4,5 
2,2 

3f,09 
29,82 
25,4 
21,27 
19,04 
14,27 
10,78 
7,38 
4,5 

50,32 
60,08 
70,25 
81,5 
91,0 

9,88 
19,64 
30,03 
40,21 
47,31 
59,88 
70,5 
80,68 
90,35 

from k-Q 50 60% V have  small quantities  of  inclusions  of 
second phase  and apparently in  these areas  of  concentra- 

tion a metal  compound  is  formed in  this  system,'as  Indicated 
by the increased hardness and higher-meitinp: point (about 

f f-Vi-Tc! 1950 ,) as compared with the other alloys of 
solubility was observed in the solid state of 
the intervals of concentration investigated. 

ni 
zne 

.  No 
-loys in 

The investigation of the microstrueture of the alloys with 
nickel and cobalt case and roasted in air for 6 hours at 
1200° revealed that solid solutions with a nickel or cobalt 
base are formed in these systems., and.further increase in 
the MoSi2 content results in the appearance of eutectic. 
The melting point of the latter in the MoSio-Ni system is 
about 1250°, and in the MoSi2Co system about I3OO0.  The ■ 
other alloys also consist of two and three phases. 

The hardness of the alloys was measured at 20 and 1000°. 
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■This Vs?as done by the method of pressing in a pobedite 
[alloy of tungsten carbide particles cemented with oobaltj 
cone with loads of 50 and IOC kg.  In heating to 1000°, the 
alloys of molybdenum yitn silicon and vanadium and of moly- 
bdenum with silicon and niobium were blasted with argon to 

section proved very hard at room temperature, especially 'with 
a 5rt£> hi, l8,5/& Si and 31-til' Ma content.  The hardness of 
idle alloy reached 700 kg/sq mm,  with increase of trie nickel 
content the hardness drops and with an alloy having 90^? Mi 
it reaches 170 kg/sq m:n. At '1000° the hardness values are 
euch lese: the greatest hardness in this case is neueren 

p, 1') ;or.talninpc  snail  ouanfliies  of nickel   (I'CV ox oyn 
nrnnle   ICyd)   and  constructed mainly  of IfoSi^.     An  increase  1 
the  nickel  content  to 50$ lowers   the  hardness:  of  these 
alloys at  1000°.     when  its  concentration  is  from 50  to 90$ 
rne  härenesn  of  ene 
i<g/&n. raw   (Table  2)1 

\ C b     X _L tyca  y-j 

• Prop srties  of Mo--3i-~i ü  Alloys /'"M 

CoaerijKauuc 
Ni. nee, % 

Tnepjiocri» 

H    ,KttMM* 
K 

TBPP«OCTI> 
lip« ifiOG* 

IE 

w 
TlpOSHOCTä. 

ispsi c?na«iH 
IIpO'lHOCTh 

npa pacTKJKe- 
B 

IUiaei5s»mocTi> 
up«  CH;3TEH 

e,  % 

—£__*_;. 
IljiBcTat- 

BOCTB npsr 

10 :«.o 310 16 0 ___. 

20 450 175 26 — 0  " 

30 560 1)0 36 — 0 
40 620 75 62 ._- 0 *~- 
50 730 50 112 — 0 — 
60 020 60 60 — 0 .— 

61 620 65 35 — 0 

(if) 540 45 130 .__' 30 , 
67 .yio 55 135 — 20 — 

68 510 50 170 .._ 45 — 

70 560 40 240 18 53 0 

80 410 45 250 85 49 4 

90 170 35 «._ 55 61 31 

100 80 — — 30 — 80 

yegorm:   (I)   Mi  content,     (2)   Hardnese 
% by weight ■  at  90jd 

%,   kg/ 
mr,i 

3)  Hardness  at 

IL.-,   kg/sq ram 

* -> 



(4) Strength under-  (5) Strength under  (6) Plasticity 
tension (%£ under com- 
kg/sq mm ' 

compressxcn 

K/o* po n";r''i 

(7) Plasticity 
under tension 

pression 

f.   >   " 

Table 3 

Properties  of Mo—Si—C o alloys 

—#_JL_ 
..-  ~- .. , • 

___/2J4~~- 
^ 
 /jS™*'*-  _   JL3X-" 

Coaepswarae 
Co. sec. % 

TBCpftOCTt. 
ßpB W KH, 

Kef MM' 

TuepflocTi. 
npa lOOfe* UH, 

KZ/MM- 

tIpO»HOCTi. 
BPH CJKSTHK 
0H        , Ki/MMf 

BCJK 

npa pacTRHte- 
HHB CB, Kef MM* 

HOOT*.    HPH 
CSS8THH 

e. % 

XIsacTaiaocTi» 
npa   pacTHJKe- 

HEH S, % 

10 1000 i25 0,5 w_,. 0 — 

20 300 150 17 — 0 — 

30 620 440 19   0 __ 

40 470 175 1,0   0 — 

50 490 105 31 _ 0 _ 

60 450 75 110 — 0 — 

70 450 50 215 46 20 0 
80 430 40 225 98 28 1,5 
90 350 39 190 66 30 2,1 

iOO 200 30 55 — .32 

Lege zerA:     (1) Co content  (2) Hardness  (3) Hardness 
~# by weight     at 20°       at 1000° 

(k)   Strength under 
coraoression 

-^cornp; 
k/g so min 

(7) Plasticity 
under tension 

k/g sq mm k/g sq mm 

(5) Strength under (6) Plasticity undo- 
te n s i on compres si on 

u B' 
kg/sq mm 
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Table  k 

5~   j 

CoaepataHae 
V. Bee. % 

to 
20 
30 
40 
50 
60 
70 
80 
90 

100 

Properties  of Mo--Si-j:Vjallo£S 

%^ TT.tr.i--r«"- 
940 400 
830 390 
620 405 
610 400 
590 535 

low 
830 745 
620 390 
590 165 
250 ***** 

-T 
npo«möcrrs> npH 
CW3TK« öjj 

ne/MM1 
cm 

0,6 
3 

10 
4 
•t o 

10 
42 
53 

165 
140 

1 *J3f .** 

3*- 

IIJiaCTH'lHOCTb 
mm ciwaTSB 

e. % 

0 
0 
0 
0 
0 
0 
0 
0 

13,7 
0 

<*0 !"■ /'S ID v 

(*) 

' content, 
by weight 

(2) Hardness at 
OP °       T-T f^       hK' 
k/g  sq mm 

(3) Hardness  at 
1Ü00     Hvj 
K/g  sq rutn 

Strength ur oer (5)   Plast Icl ty under 
eomoressior 

0*4 ̂conipr. 

corn pre ssi on 

kg/sq rnra 



Table 5 

SwKV 

Kfe. BSC- % 

Proper tie a of Mo-Si—Mb alloys , 

Tsepnoci-b npa 20" 
fiH , Kl/MM* 

^BepRoct* ops 
1000° HK , X8/J»^« 

IIpOTHOCTfe OPSS 
cmnaa *B 0||. 

nJ!se¥B«in:aOT& 
npa cmatKä 

«. % 

10 720 
20 780 
30 880 
40 780 
50 490 
60 830 
70 590 
80 590 
90 390 
100 150 

310 
70 

40 
12 
0 

70 
18 
30 
55 

205 
185 

0 
0 
0 
0 
0 
0 
0 
4 

15 
41 

Legend:     (l)  Nb  content,     (2)   Hardness at     (3)  Hardnes; a u 
$ by weight 

(H)   Strength under 
compression 

20° HK, 
k/g sq mm 

1000° HRJ 
kg/sq mm 

(5) Plasticity under 
compression 

0Bf 
kg/sq "mm 

ompr £ , % 

The strength of alloys with small nickel contents is 
small and they are brittle.  With increase in its content, 
the strength grows, and alloys with 7° and 80$ Mi are strong- 
est (240-250 kg/sq mm).  An alloy with 90$ Ni does not shatter 
under compression. 

The plasticity of alloys grows with increase in nickel 
content and in an alloy with 80$ Ni it is 49$ under compres- 
sion, and in an alloy with 90$ Ni it is 62$. 

In stretching tests the alloy with 80$ Ni ( c^ = 85 kg/ 
sq mm) proved the strongest and the alloy with 9^$ Ni the 
most plastic (rf=  31$) 

A similar change in hardness at 20 and 1000° and of 
strength under compression and tension was also observed in 
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•alloys of the MoSip~Co section with an Increase in the 
cobalt content (Table 3). with the sole difference that the 
greatest hardness in this case was observed in the alloy 
Slth^Ovi Co.  Alloys with 70-80$ Co possess the greateat • 
atrenpth undac oonpresuion (200-220 kg/sq rum).  Under ten- 
sion the ntrenrth of' the alloy with 00$ Co is greatest and 
amounts to 98 kg/sq mm.  The'plasticity of alloys with 
cobalt is less than- that of alloys with nickel, and in.the 
-alloy with 90$ nickel it is 30$ is the compression tests 
and 2,1$ under tension. 

The alloys of the MoSi?~V and MoSip-Nh section proved 
very hard not only at room temperature.■but also at 1000°. 
The'alloys with vanadium are especially hard vmen they con- 
tain 60$ of this rental.  The hardness of the alloy vrith 
50$ V exceeds that of the pokealte cone at 20 and 1000°. 
It' remains hiph when the vanadium content is 70-00$ (Table 

illoys possess low strength under compression up 4,J .  me <x 
to 70$ V, but it groves with further Increase of its content 
and in the alloy with 90$ V it is led kg/sq mm, which is 
greater than the strength of vanadium Itself. 

The MoSio-V samples oxidate strongly at high temperatures 
and esoeciaily with a high concentration of vanadium.  Plas- 
ticity" is detected only In the alloy containing 90$ V and 
allovrlng of settling, by 1.1$ before shattering. 

Too hardness of the alloys of the MoSiy-Nb sectionals 
sornevdiat lower at room temperature than in trie preceding 
case, but at 1000° the softening of the alloys is less and 

■H^c-ir boldness is so great that we did not succeed in measur- 
ing it with tee ITobparokUe cone (Table 5).  One can only note 
that the alloy With 90$"~Nb at 1000° has a hardness of 310 
kg/sq mm, 

The strength of alloys with a small niobium concern: u..s 
also very low. especially In alloys with 30$ Kb.  when its 
content i n raised to more than 30$, the strength groves and 
reaches a maximum at 80$ hE (20.5 kg/sq mm).  The ctrengtn 
of niobium under compression could not be determined because 
of Its considerable plasticity. 

The plasticity of the alloys of'the MoSi^-Nb system is 
low and'onlv when the Nb content is 90$ Is the alloy deformed 
before shattering under 15$ 'compression.  The oxidability of 
the alloys with niobium at 1000b is considerably less than 
when vanadium is added, 



CONCLUSION! 

I.  The alloys of the MoSip~-Ni, Mo.310--Cc, MoSip,~-V and 
MOoio~-Nb sections at room temperature possess hisrh "hardness 
a no low 

.Ui. 

en '., x. c i. 

posses; 
O V   0 O i)! 

•70» by weight of the added elements,  Hardness at 
11 

nxj-iii 
;'i.n .Less than 

' '1000° 
is also high and reaches especially great values in alloys 
with niobium and vanadium (500~900 kg/sq mm).  The strength, 
-of the alloys grows when the content of metals added to the 
MoSio is ncreased above 60-70$, and-remains high in all 
alloys except those with vanadium, being 200-250 kg/sq ram. 

niese promis: In their mechanical properties 
and their resistance to oxidation.at high temperatures are 
the alloys of the Mo-Si-Ni and Mo-Si-Co systems in the con- 
centration interval from 70 to 80$ NI and from 70 to90>i? Co. 
These alloys possess considerable strength, plasticity and 
comparatively high hardness at 1000°, and can be subjected 
to mechanical working. 

The alloys with a high niobium content (80-.90$) also 
possess considerable strength and very high hardness at 
1000°,, oxidising moderately at high temperatures. 
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